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This invention relates to explosive operated devices such 
as guns, and more particularly to a percussive firing mech 
anism for a breech loading firearm, wherein primed car 
tridge cases of fixed ammunition are set off by release 
of a firing pin of the type impelled by a cocked Spring 
upon engagement of the tip of the driven pin with the 
percussion cap or primer mounted in the base of the 
cartridge case. 

In heretofore known firing mechanisms of the bolt 
action type, there occasionally arises a problem of igni 
tion, particularly with certain types of cartridges. Per 
cussive ignition requires that there be backing of the 
primer. This is provided by the manner in which the 
cartridge is constructed for supporting the primer and in 
which the cartridge is seated in the cartridge chamber, as 
well as by the inertia of the entire cartridge. Further 
more, the sensitivity of a percussion primer to ignition is 
influenced by a number of other factors among which is 
the total energy of percussion as well as the configura 
tion of the firing tip, the latter of which influences the 
method of delivery of the energy of the bolt action System. 
which consists of the firing pin and its spring. For any 
given caliber of weapon, the pin, the pin point shape 
and the spring are proportioned to obtain the best opera 
tion of the firing mechanism. When, however, the caliber 
of the weapon and cartridge becomes quite Small, and 
especially when the cartridge chamber is small in propor 
tion to the bore of the gun, it becomes increasingly diffi 
cult to design the components so as to obtain reliable 
operation characterized by substantial freedom from mis 
fires. Shotshells, too, may lack the same type of freedom 
from misfires. For example, at calibers below about .50 
of an inch and down to around .22 caliber, the heretofore 
conventional firing mechanism of this type shows that its 
limits of consistent effectiveness with certain types of 
special centerfire cartridges has been exceeded and mis 
fires become excessive. While this may be overcome to 
some extent by a more powerful spring to obtain a higher 
total firing energy, there arises then still another problem, 
that of more likelihood of pierced primers and the result 
ing loss of obturation in the case. 

While the energy can be increased by use of a stronger 
spring, merely increasing the energy applied for firing 
provides no altogether satisfactory solution to the prob 
lem, even where piercing is avoided, because the resulting 
“kick’ from the higher energy system has an adverse 
effect on the accuracy of aim. 

In designing certain types of weapons, all within a 
desirable range of barrel bore calibers for utilizing a car 
tridge fitting in a fixed minimum size of cartridge chamber 
in the breech structure associated with the barrel, each 
increase in the caliber of the bore requires a correspond 
ing increase in the size of the necked-down mouth of the 
cartridge case and ultimately frequent instances of mis 
fire are encountered which cannot be attributed to pierc 
ing or defects in the primer or cartridge. 
A solution of the problem according to this invention. 

involves reducing the weight of the firing pin while re 
ducing and maintaining the total energy utilized at the 
minimum level required. This gives the same effect as 
rigidity during application of the energy to the round 
to provide reliable ignition of the primer to substantially 
prevent excessive occurrence of misfires. There is marked 
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improvement even in those instances of weapon design 
wherein the reduced neck of the cartridge is so enlarged 
as to leave an inadequate shoulder between the neck and 
the body of the cartridge case, thereby impairing the 
rigidity of the cartridge so much that the Support for the 
primer fails due to flexing and shortening of the case. 
Apparently the base of such a round is displaced for 
wardly by the firing pin blow so as to cause a cushioning 
effect which is the outstanding cause of misfiring. The 
lighter pin also makes possible a more rapid repeating 
action. 
One object of this invention, therefore, is to provide 

an improved firing mechanism construction which will 
not complicate such a gun appreciably, but which will 
materially improve the certainty and reliability of opera 
tion with even the most difficult to fire types of explo 
sively fired cartridges. 
Another object is to provide a firing mechanism adapted 

to improve the consistency of ignition in guns using car 
tridge cases characterized by relatively high deformability, 
whether such deformability arise from the pliant charac 
ter of the material from which the case is made, or from 
the character of the shoulder back of the necking at the 
mouth of the cartridge case, or from the flexibility occa 
sionally encountered in the base of certain types of car 
tridge cases such as those of shot shells. 

Another object is the obtainment of a shorter action 
time for a firing pin mechanism so as to permit a more 
rapid rate of firing. 
A still further object is the provision of a firing mech 

anism requiring the least energy for igniting a given 
primer percussively with consistency and making possible 
better accuracy of shooting. 

Still another object is the provision of a firing system 
adapted for cartridges having smaller bodies and shoulders 
relative to larger necks adapted for relatively large caliber 
bullets. 

Still another object is to provide a new and improved 
firing pin construction characterized by lightness and pref 
erably also by replaceability of the part of the pin Subject 
to the most Wear. 

Other objects and advantages will appear from the de 
scription of a specific embodiment of this invention shown 
in the drawing wherein: 
FIGURE 1 is a fragmentary elevational side view taken 

in cross section to show the front end of a firing pin. 
in accordance with this invention operatively associated 
with a cartridge case at the moment of striking the 
primer; 
FIGURE 2 is a graphical depiction of the results ob 

tained with this invention indicative of improvement in 
the firing action; 
FIGURE 3 shows typical oscilloscope traces of vari 

ous firing pin pressure diagrams during an interval of 
time including the travel time of the pin; and 
FIGURE 4 is a fragmentary side view of the front 

end of a monolithic light firing pin having its point 
integral with its body. 

In accordance with this invention it has been found 
that the sensitivity of primer ignition may be improved 
by making the firing pin while maintaining its strength 
adequately lighter and thereby increasing the firing pin 
velocity and effective striking pressure without increasing 
the total energy of percussion. In fact, with the same 
configuration and size of pin, this invention makes pos 
sible realization of effective percussion primer sensitivity 
just above the threshhold level but at a much lower level 
of energy than that heretofore believed necessary for fir 
ing. This improvement is maintained despite the inherent 
ly poorer rigidity of primer mounting encountered in cer 
tain ammunition rounds tried. In firing, the blow of the 
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pin of this invention produces less displacement forward 
of those rounds having an inadequate abutment shoulder 
between the body and the neck of the cartridge case. In 
any event, the effective striking pressure and reliability of 
ignition are increased regardless of whether the cartridge 
case is most rigid or quite deformable. 

Specifically, a lightweight firing pin of this type having 
a wear and deformation resistant tip was found to result 
not only in a shortened action time, but also in an in 
crease in reliability in functioning. This improvement 
provides reliable ignition even at a considerably lower 
kinetic energy level than that recognized as a standard 
for each of the various sizes of percussion primers now 
recognized as standards or known to those skilled in the 
art. 
A pin having at least the major part made of a ma 

terial considerably lighter than steel is contemplated pro 
vided the tip is maintained hard and tough enough for 
its purpose. One of aluminum with a removable screw 
threadedly attached steel tip provided a weight reduction 
of from about 60% to 70% as compared to its hereto 
fore used all-steel firing pin counterpart. With Substan 
tially the same energy, one such lightweight pin provided 
an increase of from about 60% to about 65% in the pin 
velocity during the firing stroke. Using about the same 
energy of action, an aluminum steel-tipped pin took only 
2.0 milliseconds to strike the primer while its steel counter 
part required a travel time of about 3.0 milliseconds. 
This represents a reduction in firing action time of 
about /3. 

According to this invention, at least the main body 
of the firing pin of a gun firing mechanism consists of 
aluminum, magnesium, or their alloys, or of any suitable 
plastic such as nylon or Teflon. A metal such as titanium 
is also contemplated. When the point is a separate piece 
of steel, as for example, in the Reising U.S. Patent No. 
1,313,912 and the Sedgely U.S. Patent No. 2,089,581, 
the remaining lightweight part of the pin constitutes 
most of the weight of the pin, preferably not less than 
about 95% of it. With a pin of very light material it is 
possible without any other change to increase the velocity 
of the pin by as high as about 80%, or even somewhat 
more, and to thereby obtain a more positive ignition of 
the primer and eliminate misfires arising from cushion 
ing. Terminal velocity increases of about 40% or more 
are contemplated, and preferably at least 60-65%. 
The material contemplated for at least the body of the 

pin is one having a density considerably less than that 
of steel, i.e. less than about .28 pound per cubic inch and 
preferably should be one of a density not in excess of 
about 0.2 pound per cubic inch. Materials having a 
density not in excess of aluminum and lightweight alloys 
of aluminum were found satisfactory. Light metals and 
their light alloys were found particularly desirable be 
cause of the attendant strength characteristics. Aluminum 
and its alloys, which have a density of about 0.1 pound 
per cubic inch, therefore, were found especially suitable 
for the purpose. Plastic materials such as nylon having 
a density as low as around 0.05 pound per cubic inch 
may also be employed provided they have the necessary 
strength. A minimum ultimate tensile strength of about 
40,000 pounds per square inch is preferred. 

If the body material has the physical properties needed 
in the tip, the tip of the pin may be integral with the 
body. Such an integral structure may consist of titanium. 
or its suitable alloys. The tip may advantageously be 
made a separate part, in the form of a head or cap, 
provided it consists of a sufficiently hard and strong 
material. It may consist of a suitable firing pin steel 
having the necessary yield strength and impact resistance 
as well as a minimum acceptable hardness, but any other 
material having comparable resistance to deformation and 
wear is contemplated. Where the pin includes a separate 
tip, it is possible to utilize even harder materials than 
those heretofore employed because any deficiency in the 
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impact resistance is compensated for to a certain extent 
by the improved impact absorption capacity of the body 
materials contemplated, such as aluminum. For the tip, 
a material having a hardness of not less than about 25 
Rc Rockwell is contemplated. The tip material must be 
of such a strength as to be capable of transmitting with 
out plastic deformation an impact energy at a level of 
about 1% to 3% inch-pounds through the cross section 
of a cylindrical portion of the material having a diameter 
in the range from about 0.05 of an inch to about 0.1 of an 
inch. 

In FIGURE 1, there is shown an embodiment of the 
firing pin S. mounted in a gun having a suitable size of 
cartridge chamber and a rifled barrel bore having any 
caliber within a predetermined range, such as from about 
an 0.243 caliber to as high as about 0.358, for example. 
This higher caliber arrangement is shown, with part of a 
lower caliber round shown by interrupted lines for con 
parison. 
The pin consists of a body portion 2 and a separate 

tapered point 3, the apex of which is rounded preferably 
at a radius of about 0.045 of an inch to the configuration 
of a hemisphere. The point 3 has a screw threaded 
connection 7 and is made of a suitable steel treated to 
have sufficient hardness such as a Rockwell of about 50 
Rc together with toughness for the purpose. The Whole 
pin together with the firing pin spring 4 is carried in the 
bore of a bolt 5 which is shown in association with a gun 
barrel breech structure 6 joined to a barrel portion 6a 
which has a bore at 17 of relatively large caliber for 
guiding and ejecting the relatively large projectile 8. 
The gun barrel structure is chambered at 9 for carry 

ing a load 10 consisting of the projectile 8 and the car 
tridge case is, the powder charge 12 and a primer 13 
seated in the base of the cartridge case adjacent the face 
of the bolt for coaction with the firing pin point 3 as the 
latter passes out of the orifice 4 in the bolt face as the 
firing mechanism is set into motion by release of the 
cocked spring 4. 
The body portion 18 at one end of the cartridge case 

includes the primer 3 and fits a fixed standard size of 
cartridge chamber 9. At the other end, the cartridge 
case has a necked-down portion 19 into which the pro 
jectile 8 is snugly fitted. Between the body portion 8 
and the neck portion i9, the case is formed with a car 
tridge seating shoulder 20 tapered for abutment with a 
mating shoulder 2 at the front of the gun chamber. 
These shoulders lend support to this type of cartridge 
case. This is particularly true when the gun is of Smaller 
caliber and the round has a smaller caliber projectile 
8a seated in a correspondingly smaller neck portion 9a 
inasmuch as the resulting tapered shouldered portion is 
larger. 
When, however, it is desirable to increase the caliber 

of the barrel bore 17 without increasing the case body 18, 
as by replacement of the front part 5a of the barrel to 
provide for the larger projectile 8, the larger bore shown 
in FIGURE 1, shoulder portions 28) and 23 offer less sup 
port for the larger caliber round whereupon ignition with 
a conventional firing pin of the type described becomes 
less reliable because of the cushioning action. With 
more generous support there is still some cushioning 
but it becomes less pronounced. Such cushioning action, 
nevertheless with various percussion primers is, therefore, 
one cause of more frequent occurrence of one type of 
misfire than is desirable at any caliber of round, and 
which the firing pin of this invention virtually eliminates. 
The composite pin shown in FIGURE 1 consists of an 

aluminum body 2 and a replaceably attached point 3 of 
steel which constituted only about 4% of the entire weight 
of one sample of the pin. As a result, the weight of 
one such pin according to the embodiment of FIGURE 
1 was reduced to about 27.66 grams as compared to about 
67.70 grams for its all-steel counterpart. The weight of 
still another pin was reduced from about 62.91 grams 
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to about 22.9 grams. With somewhat larger gun firing 
pins having proportionately smaller points, and with ma 
terials still lighter than aluminum, the proportion of re 
duction in weight may be even larger. Since it is de 
sirable that at least the body 2 of the pin be made of 
a material which is as light as possible but which will 
still serve the purpose, even stronger plastics such as 
nylon, and other resinous materials, with or without fiber 
reinforcement, are contemplated. The point 3 is gen 
erally of a hardened, tough steel or of a suitable hard and 
tough titanium alloy. When the materials employed in 
the firing pin have sufficient lightness together with suf 
ficient hardness and toughness, the body 2 and point 3 
may be integral to provide a monolithic lightweight pin. 
Regardless of the details of structure, however, such pins 
in accordance with this invention provide advantageous 
results. 
In FIGURE 2, there is depicted the results based on 

calculations derived from a test of a group of various 
typical percussion primers. A large number of samples 
of each of these was subjected to a firing action at both 
different firing pin speeds and firing action energy levels. 
The number of misfires in testing were noted as encoun 
tered at the various stages of the test. With a suitable 
drop test apparatus, there were derived the energy levels 
in inch pounds and the average firing pin velocity in 
inches per second necessary to give 100% ignition for 
each type of primer, designated as E, F, G, and H. The 
test was conducted with one firing mechanism having a 
pin of given weight, designated as X, as well as with 
one twice as heavy, designated as 2X. The derived 
values, graphically shown in FIGURE 2 for both the 
heavier pin and the lightweight one, are tabulated in the 
following table: 

Table I 

Pin X Pin 2X 

Primer Energy Velocity Energy Velocity 
(In.-Libs.) (InfSec.) (In-Lbs.) (InfSec.) 

2.4 86.2 2.81. 65.8 
3.3 101.0 3.85 78,0 
3.5 104.2 4, 40 82.4 
3.12 98.1 3.70 75.5 

From this comparative data, it is evident that the 
primer can be fired reliably and consistently at a lower 
energy level with the lightweight firing pin than with 
the heavier pin. In other words, the two firing mecha 
nisms involve more than a mere difference in velocity. 
Not only is there an increase in velocity along with the 
reduction in weight of the firing pin, but also notable 
is the fact that the energy required to ignite the primer 
100% of the time does not remain the same. With the 
lightweight pin, less energy is needed. In other words, 
the sensitivity of the primer has in effect been increased 
without need for a more sensitive primer, and therefore, 
more dangerous explosive ingredients in the primer. 
This, of course, makes for a safer primer of reliable 
ignition and requiring less of a blow from the firing pin 
mechanism. 
With the high-speed lightweight firing pin of this in 

vention, there is obtained a sharper impact characterized 
by a higher average effective peak pressure as detected 
by a piezo electric gauge arranged in such a manner as 
to indicate the magnitude of impact of the firing pin 
upon the entire cartridge case system. This makes pos 
sible a more dependable ignition of percussion primers, 
in all types of cartridge cases including those exhibit 
ing the least deformability such as, for example, the 
steel cartridge cases. 

Typical oscilloscope traces of the impact pressure pro 
duced by a slow steel pin, as well as by the firing pin of 
this invention is shown in FIGURE 3. This was recorded 
on a time base scale marked off in units of 0.2 of a milli 
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6 
second using a firing having a pin tip contour generated 
by an 0.045 of an inch radius acting on a primer in a 
brass case. Trace A was taken an aluminum firing pin 
having a steel tip, all of which together with its collar, 
weighed 27.66 grams. Trace S was taken with a standard 
steel firing pin, which together with its collar, weighed 
67.70 grams. It is notable that the firing pin travel time, 
and, therefore, the velocity of the lightweight pin are quite 
different from those of the heretofore known steel pin. 
Where it takes nearly three milliseconds before the steel 
pin strikes, it takes only about two milliseconds for the 
aluminum composition pin. The transfer of energy, which 
occurs in about 0.1 of a millisecond, is produced not only 
at a much higher velocity with the aluminum pin, but also 
is characterized by a higher peak pressure during the fir 
ing pin blow upon the primer. 

Improved results were obtained with the lightweight 
pin at both low spring pressures as well as high spring 
pressures. Where the cartridge cases were of a deformable 
nature, it was also observed that the collapse measured 
over the case length was less when the lightweight pin was 
used as compared to that noted when an equivalent heavy 
steel pin was used. 

With both heavy and light pins like the aforenoted 
two firing pins, numerous tests were made on both brass 
and steel cases using both a weaker pin spring, designated 
as if 4, and a stronger pin spring, designated as #2, to 
determine the behavoir not only for readily deformable 
cases, such as those of brass and aluminum, but also with 
relatively deformation resistant cartridge cases, such as 
those of steel. 
At the moment of impact with the primer, the light 

weight pin of this invention has a much higher firing pil 
velocity than the heavier steel pin. A steel pin, having a 
weight of about 62.91 grams, was found to strike at a 
velocity varying from about 132 inches per second with the 
weaker spring to about 139.2 inches per second with the 
stronger spring. The equivalent aluminum pin System ac 
cording to this invention had a weight of about 22.9 grams 
and was found to strike at a velocity varying from about 
218.4 inches per second with the weaker spring to about 
226.8 inches per second with the stronger spring. The 
firing pin energies with both types of pins were about 
the same. For example, with the #4 spring, the energy 
of the pins was about 3% inch-pounds. 
The results obtained with these pins are tabulated in 

Table II as follows: 
Table II 

Average 
Peak Collapse 

Pressure (Enches) (p.S.i.) 
Cartridge Case Firing Pin Pin Spring 

0.00794. 
0.00685 

Nil 
Nil 

0.00760 
0,006.75 

Brass---------------- All Steel---- i2 Strong-...-- 
Do--- Aluminum------- do------- 

Steel.----- All Steel---------do--- 
D0--- 

Brass---- 

8, 106 
28,761. 
113,474 
213,991 
37,242 
47,911 

1. At firing pin energy of about 3%0 inch-pounds. 
2 At firingpin energy of about 3% inch-pounds. 
3 At firingpin energy of about 3% inch-pounds. 
4. At firingpin energy of about 3% inch-pounds. 
From the table, it is evident that with readily deformed 

cases such as those made of brass, aluminum and plas 
tics, the lightweight, high speed firing pin provides a 
higher peak pressure with less collapse along the car 
tridge case, which means more reliable ignition. Even 
with the more rigid steel case, however, a better ignition 
is to be expected with the lightweight pin. 
A composite pin may include various advantageous 

combinations, such as the combination of a body of nylon 
with a tip of titaniferous metal substantially all titanium 
containing not more than minor amounts of alloy ingre 
dients suitable for the purpose of this invention. A glass 
fiber reinforced plastic body may be used. In any event, 
the major part, preferably about 95% or more, of the pin 
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is constituted of the lightweight material; a firing pin of 
titanium base metal containing not more than small 
amounts of alloying ingredients, if any, is contemplated. 
FIGURE 4 shows a pin 35 wherein the body 32 is inte 

gral with the striking point 33 as set forth hereinbefore 
and both body and point are of titanium base metal. 
The lightweight faster pin of this invention is ad 

vantageous particularly with the more insensitive primers 
which appears more clearly in connection with FIG 
URE 2 

While this invention has been described in connection 
with a bolt action firing mechanism of the type having a 
relatively long pin driven directly by a coaxially mounted 
firing pin spring when released by the sear, and in con 
nection with firing centerfire ammunition and other car 
tridges, it will be understood that those skilled in the art 
may make changes and modifications including those 
adapting this invention to various other types of firing 
mechanisms and rounds including rimfire ammunition de 
vices without departing from the spirit and Scope of this in 
vention as set forth in the appended claims. 

it will understood that in accordance with this in 
vention the spring of the firing pin also may be made of 
lightweight material. Instead of the spring steel of the type 
heretofore considered most suitable for the purpose, a 
lightweight titaniferous metal may be employed to ad 
vantage. The lightweight material, however, is employed 
to best advantage in the pin inasmuch as reduction of the 
mass is more effective in the pin than in the Spring. 
What is claimed is: 
1. A cornposite firing pin of the direct spring actuated 

reciprocatable type having a body formed of aluminum 
and a striking tip screw threadedly secured to said body, 
said tip comprising a steel having a Rockwell hardness 
of about 50 Rc together with sufficient impact resistance 
at a minimum impact velocity of about 200, inches per 
second, said pin having a maximum weight of about 30 
grams and said body constituting at least about 95% of 
the weight of the firing pin. 

2. In a gun-firing mechanism for ignition of the per 
cussive primer of a propellant cartridge, said mechanism 
including a reciprocatable firing pin directly actuated by 
the spring action of a resilient member, the improvement 
comprising a firing pin the major part of which consists of 
a body formed of light weight material having a maxi 
mum density of about 0.2 pound per cubic inch whereby 
the weight of the whole pin is less than that of a com 
parable pin of identical configuration of steel and having 
a striking point secured to said body, said point having 
a hardness and impact strength equivalent to a point of 
steel having a Rockwell hardness not less than about 25 
Rc, said hardness and strength adapting said point for 
striking said primer with a transmitted energy of impact 
in the range from about 1/2 to 3% inch-pounds, while 
resisting fracture and substantial plastic deformation of 
said point at a primer striking velocity of at least about 
40% more than the velocity of said comparable pin, said 
body constituting at least 0.9 of the weight of the whole 
pln. 

3. The firing pin of claim 2 formed as a composite 
wherein the light weight material has a maximum density 
of about 0.1 pound per cubic inch and the secured point is 
a separate piece of steel having a Rockwell hardness of 
around 50 Rc together with sufficient impact strength to 
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resist fracture and plastic deformation at a primer Strik 
ing velocity at least about 60%-65% more than the 
velocity of a comparable pin of steel. 

4. In a percussion firing mechanism having a direct 
spring actuated reciprocatable firing pin for ignition of 
the percussive primer of an explosive propellant cartridge 
having a case of deformable material, the improvement 
comprising a composite firing pin having a body formed 
of material having a maximum density of about 0.2 pound 
per cubic inch and a separate striking point secured to said 
body, said point comprising a material of sufficient hard 
ness and impact strength to adapt the pin for striking said 
primer with a transmitted energy of impact in the range 
from about 1/2 to 3% inch-pounds substantially and 
adapt said pin for resisting fracture and plastic deforma 
tion, said body of the firing pin consisting of nylon. 

5. In a percussive firing mechanism having a direct 
spring actuated reciprocatable firing pin for ignition of the 
percussive primer of an explosive propellant cartridge 
having a case of deformable material, the improvement 
comprising a composite firing pin having a body formed 
of material having a maximum density of about 0.2 
pound per cubic inch and a separate striking point secured 
to said body, said point comprising a material of sufficient 
hardness and impact strength to adapt the pin for striking 
said primer with a transmitted energy of impact in the 
range from about 1/2 to 3/2 inch-pounds substantially 
and adapt said pin for resisting fracture and plastic 
deformation, said point consisting of a metal containing 
at least a predominate proportion of titanium. 

6. In a gun-firing mechanism for ignition of the per 
cussive primer of a propellant cartridge, said mechanism 
including a reciprocatable firing pin directly actuated by 
the spring action of a resilient member, the improvement 
comprising a firing pin the major part of which consists 
of a body formed of lightweight material having a maxi 
mum density of about 0.2 lb. per cubic inch whereby the 
weight of the whole pin is less than that of a comparable 
pin of identical configuration of steel and having a Strik 
ing point secured to said body, said point having a hard 
ness and impact strength equivalent to a point of steel 
having a Rockwell hardness not less than about 25 Rc, 
said hardness and strength adapting said point for striking 
said primer with a transmitted energy of impact in the 
range from about 1% to 3% inch-pounds, while resisting 
fracture and substantial plastic deformation of said point 
at a primer striking velocity of at least about 40% more 
than the velocity of said comparable pin, Said body and 
point being integrally formed of titanium base metal. 
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